Multimer formation is an important cause of instability for many multicopy plasmids. Plasmid ColEl is maintained stably because multimers are converted to monomers by Xer-mediated site-specific recombination at the cer site.
INTRODUCTION
Multimer formation and associated copy number depression are acknowledged causes of cloning vector instability (Summers et af., 1993; Summers, 1998) . Multimers of the naturally occurring plasmid ColEl are resolved to monomers by site-specific recombination between directly repeated cer sites (Summers & Sherratt, 1984) . In addition to the recombination site, ColEl multimer resolution requires four chromosome-encoded proteins: ArgR (Stirling et al., 1988) , PepA (Stirling et af., 1989), XerC (Colloms et af., 1990) and XerD (Blakely et al., 1993) . However, multimer resolution alone is Summers, 1993) . T h e need to delay cell division implies that Xer-cur recombination is relatively slow and an in c re a s i rig a m o u n t of c i r c u m s t a tit i a 1 evidence supports this view (Summers, 1998) .
T h e mechanism of action of Rcd is unknown but some clues have come recently from studies of Rcd overexpression in broth culture. Rcd overexpression slows the growth of wild-type cells in broth but the culture eventually reaches stationary phase a t a normal cell density. In contrast, Rcd induction in hns mutant cells blocks cell division and growth ceases completely after 2-3 h (Summers & Rowe, 1997; Rowe & Summers, 1999) . T h e nucleoid in these so-called quiescent cells is highly condensed, but they remain capable of transcription and translation and are capable of expressing high levels o f plasmid-encoded protein. T h e continuing metabolic activity o f quiescent cells in the absence of growth suggests that Rcd inhibits cell division directly, rather than via a block on RNA or protein synthesis. W e have pursued the idea that it might act as an anti-sense RNA, achieving its effect on growth by inhibiting mRNA translation. T w o examples of trans-acting antisense RNAs in Escherichia coli are the 53 nt DicF (Tetart & Bouche, 1992) , which regulates ftsZ mRNA, and the 93 nt MicF (Andersen & Delihas, 1990) , which inhibits translation of ompF mRNA. In both cases part of the anti-sense transcript displays complementarity to the region of the target mRNA containing the ribosomebinding site. In DicF, a region of 31 nt shows 8 1 % complementarity to ftsZ mRNA immediately upstream of the start codon. In MicF a region of 54 nt shows 80% complementarity to the corresponding region of ompF mRNA.
Searching for the target of Rcd has been difficult in the absence of precise knowledge of the 5' and 3' termini, o r any idea o f which part of the transcript is involved in the target interaction. In this report we describe the mapping o f the 5' and 3 ' ends of Rcd which has facilitated prediction of its secondary structure. We have employed a bioinformatic approach to identify the active site of Rcd and have looked for complementarity to the presumed active site by hybridization and by searching the E. coli genome sequence. O u r failure to find a target by either of these approaches has led us to speculate that Rcd might interact directly with a protein target.
METHODS
Bacteria and plasmids. All the bacteria used were derivatives of E . coli strain AB11.57 (Bachmann, 1972) . DS941 is AB11.57 rec-F lac-l" lae-ZAM15. JC8679 (AB11.57 recBC s6cA) was obtained from Professor D. J. Sherratt, Department of Biochemistry, LJniversity of Oxford. Plasmid pKS490 is a pUC8 derivative which has a cer site inserted into the multiple cloning site (Summers & Sherratt, 1988) . pKS494 and pKS496 are derivatives of pKS490. In pKS494 the Po, promoter has been inactivated by mutation of the invariant T and in pKS496 a mutation within Pc,, has increased the level of Rcd expression (Patient & Summers, 1993 Media and bacterial transformation. For routine growth of bacteria we used L-broth (Kennedy, 1971) and Oxoid isosensitest agar. Where appropriate, ampicillin (50 pg ml-') was added to the medium. Plasmid transformation of CaCI,-treated cells was by the method of Cohen & Hsu (1972) . When transformants were to be grown at 42"C, all stages of the procedure normally performed at 37 "C were performed at 42 "C.
Hydroxylamine mutagenesis. Plasmid DNA (40 pI in sterile distilled water) was mixed with 20 pl 0.1 M potassium phosphate buffer (pH 6.0) containing S m M EDTA and prewarmed to 7.5 "C. Forty microlitres of a freshly prepared solution of 1 M hydroxylamine (0.56 ml 4 M NaOH, 0.3.5 g hydroxylamine hydrochloride, made up to 5 ml in water) was pre-heated for 5 min at 7.5 "C and the two solutions were mixed and incubated at 7.5 "C for 60 min. Sterile distilled water (400 pl) and cold 2-propanol (SO0 pl) were added and the mixture was placed on ice for 10 min. After centrifugation (13000 r.p.m. for 10 min) the supernatant was discarded and the DNA pellet washed twice with 70 '/o ethanol. After drying the pellet was dissolved in 20 pl TE. Maniatis et al. (1982) . The DNA probe was made by primer extension on M13mp8cer from the -40 forward primer. This produced a radiolabelled strand complementary to Rcd. The doublestranded primer extension products were cleaved with P v d (CGATCG) which cuts 9 bp downstream of the Rcd transcription start (see Fig. 2 ). The probe was eluted from a polyacrylamide gel by the 'crush and soak' method (Maniatis et al., 1982) . For digestion of the probe-RNA hybrid Maniatis et al. (1982) recommend 100-1000 units S1 nuclease ml-' but to ensure complete digestion of single-stranded regions we explored a range of 1000-3.500 units S 1 nuclease ml-' at an incubation temperature of 40 "C. Our results indicated that under our conditions digestion was complete at above 2000 units S1 nuclease ml-'. Digestion products were subjected to electrophoresis on an 8 ' / o polyacrylamide/7 M urea gel beside a standard dideoxy sequencing reaction using M13mpl9c-er as template and a sequencing primer whose 5' end was exactly complementary to the 3' end of our S1 mapping probe (S'-To map the 5' end of Rcd, reverse transcriptase was used to synthesize DNA from a primer complementary to an internal region of the transcript. The DNA strand terminates at the 5' end of the transcript. Labelled oligonucleotide primer (5-10 ng) was annealed to 5 ng total cellular RNA in the presence of 1 M KCI (1 pl). The mixture was heated to 90 "C for 5 min and cooled slowly to 42 "C over a 2 h period (all subsequent procedures were performed at 42 "C to minimize the problems of secondary structure). Four microlitres of 5 x reverse transcriptase buffer (250 mM Tris/HCI, p H 8-3, 37.5 mM KCI, 50 mM DTT, 1.5 m M MgCI,) and 1 pl distilled water were added to the annealed mixture and incubated at 42 "C for 30 min. Primer extension was performed by adding 4 pl d N T P mixture (2.5 m M each dNTP adjusted to pH 7.5) and 200 units M-MLV reverse transcriptase and continuing the incubation ATCGCGGCAGTTTTTCG-3'). (Noda et al., 1991) . The hybridization was carried o u t under conditions of very low stringency (i.e. at 40 "C with the melting temperature of probe estimated to be 48 "C) in a buffer consisting of 6 x SSC (0.9 M sodium chloride, 0-09 M sodium citrate) and 0*5% SDS without blocking agents. Following hybridization, the membrane was given a 5 min rinse in 6 x SSC, 0.1 O/O SDS before exposing to X-ray film at -70 "C.
RESULTS

5' end-mapping of Rcd
Rcd appears to be produced from the P,,, promoter since mutation of the invariant T in the -10 sequence abolishes Rcd expression (Patient & Summers, 1993) .
To establish the transcription start site we used primer extension by reverse transcriptase to map the 5' ends of Rcd expressed from plasmids pKS490 and pKS496. T h e cer site in pKS490 contains the wild-type P,,, promoter and rcd sequence; pKS496 is identical except for an uppromoter mutation in P,,, (Fig. l a ; Patient & Summers, 1993) . Since P,,, is activated by plasmid multimerization, total R N A was prepared from pKS490 o r pKS496 in JC8679; a recBC s6cA strain in which both plasmids are extensively multimeric. T h e primer for reverse transcriptase was an oligonucleotide complementary to a sequence approximately 30 nt downstream of P,,, (Fig. 2). Primer extensions o n R N A from strains carrying either plasmid yielded major products of 25, 26 and 27 nt. T h e result for JC8679(pKS496) is shown in Fig.  l ( b ) . T h e intensities of the bands suggest that three start points are used at similar frequencies. T h e corresponding 5' ends of Rcd were identified by comparing the primer extension products with the products of a D N A sequencing reaction using the same primer and are marked with asterisks in Fig. l ( a ) .
3' end-mapping of Rcd
In an earlier study (Patient & Summers, 1993) it was proposed that rcd transcription terminates a t a sequence resembling a p-independent terminator 70-80 bases downstream of the transcription start. To establish the termination site more directly, S1 mapping of the Rcd 3' end was performed o n total R N A from JC8679(pKS490) (wild-type P,,,). W e used a radiolabelled ssDNA probe complementary t o Rcd, whose 3' end was 9 nt downstream of the transcription start. W e chose a probe which does not cover the 5' end of Rcd so that variability Po, (wild-type)
Po, up-promoter mutant
Peer down-promoter mutant of the transcription start site did not influence the result of the 3' end-mapping. S1 nuclease digestion of the Rcd-probe hybrid should yield a labelled D N A fragment whose 5' end is complementary to the 3' end of the Rcd transcript. T h e products of digestion were run o n a sequencing gel alongside a cer sequence primed from a n oligonucleotide whose 5' end was exactly complementary to the 3' end of the D N A probe. T h e 3' ends of Rcd could thus be inferred directly from the products of the sequencing reaction. T h e result of the analysis was complex but highly reproducible over eight independent IP: 54.70.40.11
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experiments; typical results are shown in Fig. 3 . We obscrvcd one major cluster of bands (Rcd9.S) and two minor clusters (Rcd79 and Rcd70). At least half of the 3' termini appear to be within the Rcd95 cluster. T h e distribution o f Rcd 3' termini is summarized in Fig. 2 .
Predicting the secondary structure of Rcd
T h e transcript mapping results show heterogeneity at both the 3' and 5' ends and suggest that cells expressing Rcd contain a family of transcripts between 68 and 9. 5 tit. This is consistent with the previous observation that Northern analysis o f Rcd on low resolution gels gives ii smear o f approx. 70-90 nt (Patient & Summers, 199. 3; but note that in Fig. 3 of this publication the size markers were misaligned). We used MFOLD from the GCG piickage to predict the secondary structures of three representative Rcd transcripts (Fig. 4) . T h e input sequences started at the first base of the AGG initiation triplet and terminated at bases 95 (Rcd95), 79 (Rcd79) and 70 (Rcd70), which correspond to the slowest- in each of the three clusters of 3' ends S1 mapping (Fig. 3) . T h e predicted structures for Rcd70 and Rcd79 contain a single stem-loop while an additional minor stem-loop appears in Rcd9.5. T h e large GC-rich stem-loop is identical in all three structures and is interrupted by an internal loop and an asymmetrical bulge. MFOLD offered alternative structures of very similar energy but with a loop of 13 nt (see, for example, Fig. 4 of Patient & Summers, 1993) . Such a large loop seemed less plausible than the 5 nt loop structure which is close to the optimum for regulator-target interactions (Hjalt & Wagner, 1992) . However, final confirmation of Rcd secondary structure must await physical mapping of the transcript.
Characterization of mutations which reduce Rcd effectiveness
In an attempt to learn more about the relationship between Rcd structure and function, we screened for mutations in the transcript which reduce its effectiveness as a growth inhibitor. Plasmid pKS496 overexpresses
Rcd because of an up-promoter mutation in P,,, and consequently DS941 (pKS496) can only form minute colonies on L-agar after overnight incubation at 42 "C (Patient & Summers, 1993) . Hydroxylamine-mutagenized pKS496 was transformed into DS941 and the selection plates were incubated overnight at 42 "C when a small number of normal-sized colonies appeared. Plasmid DNA from these colonies was transformed into DS941 and the normal growth of transformed colonies at 42 "C confirmed that a plasmid mutation was responsible for the loss of Rcd-mediated growth inhibition. Four mutant plasmids were sequenced and a single base change (in addition t o the P,,, up-promoter mutation) was identified in each (Fig. 2) . They were all within cer; three (mut26, mut46 and mut49) within rcd and one (mut-38) upstream of P,,,. Each mutation is identified by a number which refers to its position relative to the first base of the AGG trinucleotide where transcription initiates. The cer sites in all of the mutant plasmids remained proficient in dimer resolution and measurement of plasmid copy number confirmed that the loss of growth inhibition was not due to a reduction in the number of Rcd-producing plasmids (data not shown). Lane numbers refer to the mutation co-ordinate (see Fig. 2 ). P-, JC8679(pKS494) (down-promoter mutation in Po,); P' ', JC8679(pKS496) (up-promoter mutation in PCeJ.
structures for the three mutant Rcd transcripts were generated using MFOLD (Fig. 5a ). Despite the differences in their primary sequences, the predicted structures for the mutant transcripts are identical. Compared to the wild-type structure prediction, the upper part of the major stem is shorter and the bulge and internal loop are replaced by a single large internal loop. The loss of Rcdmediated growth inhibition in these three mutants could result from instability of the transcript or a reduction in the effectiveness of its target interaction. Instability would result in a reduction of the steady-state level o f All three mutations in the rcd coding region alter bases in the upper part of the major stem-loop of the predicted structure. mut26 and mut46 change bases which are paired in the wild-type structure. Hypothetical transcript, so we compared levels of Rcd in total RNA from JC8679(pKS496) and each of the mutant plasmids. Equal amounts of total RNA were run on a low resolution gel and a Northern blot was probed with the 
Mut-38 reduces the activity of P, , ,
T h e fourth mutation (mut-.38) was a C to T change upstream of P,,,. a t ColE1 co-ordinate 3790 (Fig. 2 ).
Northern analysis of total RNA showed a dramatic reduction in the steady-state level of Rcd (Fig. 5b ). I t has been known for some time that sequences upstream of P/,,,,. influence transcription (Summers & Sherratt, 1988) so it seemed plausible that mut -38 down-regulates Rcd expression. T o test this, transcription fusion plasmids were constructed containing P,,,. from pKS496 and its mut -38 derivative upstream of a promoterless galK gene in p K O l (pHW1 15 and pHW118, respectively).
T h e inserts in these fusion plasmids contain the whole of the CL'Y site upstream of Pep,. and stop a t the ThaI site i m m ed i a t el y downs t rea m of the t r a t i sc r i p t i on s t a r t (Fig. 2) . I n DS941, p H W l 1 8 showed a lower level of transcription than pHW11S ( 1 5 8 k 6 3 and 2 4 2 k 6 5 galactokinase units, respectively). Although the reduction in transcription detected in the gene fusion experiment is small compared with the much greater decline in Rcd concentration seen by Northern blotting, it seems likely that reduced transcription from the vzzztt -38 promoter is responsible for the lifting of growth i n h i bit i on.
ArgR is a transcriptional repressor of genes for arginine biosynthesis and an essential accessory factor in ColE 1 dimer resolution. T h e ArgR binding site (the Arg box) overlaps the -3.5 consensus of Prp,. (Fig. l a ) 
rcd-like genes in other multimer resolution sites
In an attempt to identify the active site of Rcd (i.e. that part of the molecule which interacts with the target) we have investigated Rcd analogues among 24 cev-like multimer resolution sites available on DNA sequence databases. Although functional Rcd analogues might diverge at the primary sequence level, we would expect to see conservation of secondary structure. Furthermore, there should be conservation of primary sequence within the active site. As a first step we searched the 24 multimer resolution sites for P,,,-like promoters. In the region corresponding to the -10 sequence of P,,,. only six of the sites (those from plasmids ColE1, pWQ799, pRI13, ColK, ColA and CloDF13) retained the invariant T (Fig. 6) . Mutation of this base abolishes transcription from P,,, (Patient & Summers, 1993) so the remaining 18 sites seem unlikely to produce a transcript (ColN and pNTP16 are included in Fig. 6 as representatives of these sites). T h e six T-containing sites show complete homology to PrPr within their -10 sequences (TAAAAT) and strong conservation in the -35 sequence (NTGcAT). There is more sequence variation among the spacer regions but all are 15 nt long; a characteristic feature of the P,,,. promoter. Assuming the same 5' and 3' ends as Rcd, the putative transcribed regions in the six sites show considerable sequence variation but it is notable that one 15 nt block (5'-CGGGTGGTTTG-TTGC-3') is totally conserved, except in CloDF13 where it differs at one position. There is far less conservation of this sequence among the remaining 18 sites (exemplified by ColN and pNTP16 in Fig. 6 ).
In the Rcd95 secondary structure prediction the conserved 15 nt block lies within the major stem-loop, comprising the loop and the 5' side of the stem (Fig. 4) . For comparison, MFOLD was used to predict secondary structures for the hypothetical transcripts from ColA, ColK and CloDF13. Despite considerable primary sequence divergence (ColE1 and CloDF13 show only 63 'YO identity in Rcd95) the secondary structures are similar, each displaying a major and a minor stem-loop (Fig. 7) . T h e lower parts of the major stems vary in length from 14 to 17 bp but are invariably GC-rich. Each major stem contains two regions where base pairing is disrupted; a bulge with unpaired bases on one strand and an internal loop involving unpaired bases on both strands. In all four structures the conserved 1.5 nt block begins at the internal loop on the 5' side of the stem, extending through the terminal loop and ending a t the bulge on the 3' side of the stem. 
-10 GGCCTGTACCCTCTGGT T G W A G G T A T T C A T A C G GT-TTAT -C GGTCTGTACCATCTGGT T G W A G G T A T T C A T G C G G T-TTTAT -C GGTCTGC ACCATCTGGT T G C A TAGGTATTCATAC G G T-TTAT -C A G C G T T A T T C A C A T G G C T A T G C A T A C GG T W T T A T -C GCACTGATTCACCT-G C ATGGTTATGCAGTC G G GTAAAATTTAT -C TATGCTATGCAGTTGCETGC
Identification of possible Rcd targets
By virtue of its sequence conservation and position in the predicted secondary structures, the 15 nt block has the features we would expect for the active site of Rcd. If Rcd regulates translation in a manner similar to MicF and DicF, we would expect the 15 nt sequence to be complementary to the 5' end of the target transcript in the vicinity of the ribosome-binding site. The regions of MicF and DicF which bind their targets contain blocks of C+U-rich sequence which bind to the G+A-rich ribosome-binding site, but no such sequence is apparent in the 15 nt conserved block in Rcd. However this does not exclude the possibility of translational regulation since it is possible that Rcd might bind adjacent to (rather then overlapping) the ribosome site. We therefore probed an E. coli chromosome library and searched the E. coli genome sequence in an attempt to identify regions complementary to the conserved sequence. A radiolabelled DNA probe matching the 15 nt conserved sequence was hybridized to the E. cofi Gene Mapping Membrane (Noda et af., 1991) . The membrane consists of an ordered array of overlapping phage A clones containing E. cofi DNA from the Kohara library, allowing the map position of any clone to be determined rapidly. The membrane was probed on three separate occasions under conditions of very low stringency but no specific hybridization was detected.
We searched the E. cofi genome sequence for matches to the conserved 15 nt block but no chromosomal locus showed full homology. A contiguous 14 base match was found in the sense strand of gltS at 82.4 min, although a sense strand match is inconsistent with antisense regulation of translation. Thirteen base matches were found in the antisense strand of hns (27.8 min) and in an intergenic region at 35-4 min (Fig. 8) . The match at 27.8 min is complementary to the extreme 5' end of H-NS mRNA (Fig. 8a) and, encouraged by this circumstantial evidence for translational control, we assayed the effect of Rcd on expression of hns-lac2 fusions. We were, however, unable to detect any effect of Rcd on the expression of either transcriptional or translational fusions, irrespective of whether the fusions were located on the chromosome or on a plasmid (data not shown).
At 35.4 min the 13 base match to the Rcd conserved region lies between two converging ORFs, an unlikely situation for the action of an anti-sense RNA. Closer inspection of the chromosome sequence revealed that the match extends beyond rcd and includes the Arg box and XerC-XerD binding site of cer, suggesting that we had identified a cer-like site in the chromosome terminus region (Fig. 8b) Summers, unpublished) demonstrate that this site supports XerCD-mediated recombination when located on a plasmid. 
DISCUSSION
The structure of Rcd Patient & Summers (1993) proposed a structure for Rcd based upon the assumptions that transcription starts from the P,,,. promoter and stops at a putative yindependent terminator (Fig. 6 ) approximately 75 bases downstream. 5' end-mapping of Rcd has confirmed that transcription starts at P,,,. but S1 mapping revealed a population of Rcd molecules with heterogeneous 3' termini. T h e simplest interpretation of the data is that Rcd95 is the primary transcription product and the Rcd79 and Rcd70 clusters represent relatively stable i n t e r med i a t es d 11 ring Rcd t ii r n ove r . Heterogeneity within the three clusters may reflect exonuclease action at their 3' ends or even polyadenylation of the transcripts. Termination of Rcd95 must occur beyond the putative terminator which, in any case, is not conserved among the six related multimer resolution sites which contain P,,,-like promoters. Interestingly, there is no terminator-like sequence corresponding to the 3' end of Rcd95 but termination occurs within the XerCD binding site (Fig. 2) In view of the conservation of secondary structure among Rcd and its putative analogues it is interesting that the three mutations which abolish growth inhibition map to the upper stem of Rcd and computer predictions suggest that they change its structure in identical ways. Northern blot analysis of total cellular RNA from cultures bearing the mutant plasmids showed that the steady-state concentrations of these three mutant transcripts were extremely low. T h e steady-state concentration is determined by the rate of transcription and the half-life of the transcript but since the mutant transcripts have unaltered promoters (and therefore, presumably, unaltered rates of transcription initiation) their lower concentration must be due to more rapid turnover.
Turnover rates are determined by the thermodynamic stability of the RNA, particularly the stem domain (Case et af., 1990) , and susceptibility to exoribonuclease and endoribonuclease attack (Belasco et af., 1986) . Since the predicted structures for the mutant transcripts are identical, this structure may be particularly susceptible to attack by cellular RNase. It is possible that wild-type Rcd may adopt this structure during turnover (e.g. as a result of interaction with an RNA-binding protein).
What is the target of Rcd?
T h e structure of Rcd is consistent with a role as a transacting anti-sense RNA. In a previous study the observation of 64 ' / o sequence complementarity between Rcd and the leucine attenuator led to the tentative suggestion that Rcd might exert its effect through modulation of intracellular leucine concentrations (Patient & Summers, 1993) . This now seems implausible because strain DS941 used in this study is incapable of leucine biosynthesis (it carries the feuB6 mutation) and 
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Conserved region cer GCGATCGCGGCAGT..TTTTCGGGTGGTTTGTTGCATT * * * * * * * * * * * * * * * * * * * * * * * yet remains Rcd-sensitive. The search for alternative potential targets has been hampered by the absence of knowledge of the extent of complementarity between Rcd and its target, or which part of the transcript is involved in the interaction. However, the discovery that a 15 nt sequence within Rcd is conserved among its putative analogues suggested that this might be the active site of the transcript. Further support for this hypothesis came from the location of the sequence in the loop and upper stem of Rcd, which is the region of antisense RNAs which most often makes the primary interaction with the target.
35.4min GCGTTTCTGGTGTTCATTTTCGGGTGGTTTGTTACTTGT
experiments which showed the transcript had no effect on hns-lac2 transcriptional and translational fusions. Neither of the two remaining chromosomal loci provided a credible mRNA target for Rcd so its mechanism of action remains ill-defined. Our failure to find a functional target could be due to differences between the AB1157 derivatives used in this work and the E. coli genome project strain MG1655 (Blattner et al., 1997) .
However, MG1655 is Rcd-sensitive (our unpublished data) so it seems unlikely that the strain lacks the Rcd target. If the 15 nt conserved region is indeed the target interaction domain of Rcd our results imply that Rcd is not an antisense RNA. An alternative mechanism of action is a direct interaction between ~~d and a protein involved in cell division or its regulation.
Database searching identified three loci in the E. coli chromosome which matched at least 13 of the 15 conserved bases. Among these, hns mRNA looked the most plausible target. This was particularly interesting because hns mutants have been shown to have increased A chromosomal analogue of Rcd sensitivity to Rcd (Summers & Rowe, 1997; Rowe & Summers, 1999) . However, the hypothesis that hns mRNA might be a target of Rcd was ruled out by
The discovery of a good match to the Rcd conserved sequence within a cer-like site near the replication terminus (35.4 min) raises the intriguing possibility that inhibit growth or cell division. Indeed, we cannot exclude the possibility that the 3.5.4 min site is the result of n chance plasmid integration event and is of no functional significance. However, if the chromosome does indeed encode an Rcd-like transcript with a role in cell cycle regulation it would explain the ease with which ColEl seems able to control the cell cycle of its host. In retrospect, our failure to detect this locus when we used :I conserved region probe against the gene mapping membrane is surprising. However, it is possible that the Kohara library (used to produce the membrane) is incomplete o r that the chromosomal cer-like site is not universal and is absent from the Kohara source strain.
